P
eripheral artery disease (PAD) is a common manifestation of atherosclerosis and affects %8 million people in the United States. 1 PAD is associated with increased risk of death and adverse cardiovascular events, 2, 3 causes leg pain with exertion, impairs functional capacity and quality of life, and is frequently associated with coronary, cerebral, and renal artery disease. 3, 4 PAD involves the arteries distal to the aortic bifurcation in a nonuniform manner, and factors such as arterial geometry and anatomic, cellular, or biochemical properties of the arterial wall may influence disease location. 5, 6 For example, iliac arteries are relatively elastic, whereas infragenicular arteries contain progressively more muscular elements. 6 Several modalities have been used to define affected arteries in PAD, including Doppler, computed tomography angiography, contrast-enhanced magnetic resonance angiography, and digital subtraction angiography. 7, 8 Digital subtraction angiography is considered the "gold standard" for assessing location and severity of PAD but is not generalizable to the entire PAD population because patients with severe and symptomatic disease are more likely to be referred for angiography. On the other hand, Doppler evaluation is relatively inexpensive, easily performed, and widely used in noninvasive vascular laboratories. Several studies have shown that the distribution, extent, and progression of PAD are influenced by cardiovascular risk factors, but the findings are not consistent. 5, 6, [9] [10] [11] A few studies suggest that the prognosis of patients with PAD varies according to disease localization. 6, 9, [12] [13] [14] The goal of the present study was to describe the patterns of disease location in patients with known or suspected PAD who underwent evaluation in a noninvasive vascular laboratory that included noninvasive Doppler examination and to examine the association of such patterns with survival.
Methods

Study Population
The study population was drawn from 22 859 consecutive outpatients who underwent lower extremity arterial evaluation in the noninvasive vascular laboratory of the Gonda Vascular Center, Mayo Clinic, Rochester, Minnesota, between January 1, 1998, and December 31, 2007. We identified 8930 PAD patients who (1) had appropriate research authorization, (2) were ≥18 years at the time of arterial evaluation, (3) resided within a 500-mile radius of Rochester, Minnesota (to ensure appropriate information would be available in the electronic medical record), (4) were not hospitalized at the time of arterial evaluation, (5) had results available from both arterial and Doppler ultrasound evaluation, and (6) had an ankle brachial index (ABI) ≤0.90. An additional reference group of 3801 patients with normal ABI (1.00 to 1.30) and no evidence of disease from Doppler ultrasound evaluation was identified in the same manner, resulting in a total of 12 731 unique patients available for analysis. The study was approved by the Mayo Clinic Institutional Review Board and informed consent was obtained from participants.
Noninvasive Arterial Evaluation and Definition of Disease Location
Noninvasive arterial evaluation was performed in the vascular laboratory of the Mayo Clinic as described in detail in the Supplement. The Mayo Vascular Laboratory is certified by the Intersocietal Commission for the Accreditation of Vascular Laboratories. Quality control and maintenance procedures are in place as required by the Intersocietal Commission for the Accreditation of Vascular Laboratories, including for interpretation of Doppler waveforms (see Supplement for details). Patients were determined to have PAD if they had a resting or postexercise ABI ≤0.90. Normal ABI was defined as a resting and postexercise ABI of 1.00 to 1.30. Disease location was inferred from the results of continuous-wave Doppler interrogation of lower extremity arteries. A Doppler probe is placed directly over the artery and held at a 45-to 60-degree angle to obtain a Doppler waveform from each major lower extremity artery, including common femoral (CF), superficial femoral, popliteal, posterior tibial (PT), and dorsalis pedis (DP) arteries. A standardized algorithm was used by highly trained vascular laboratory technicians to categorize the Doppler signals (see Supplement). Triphasic, normal, and biphasic Doppler signals were considered normal, whereas reduced biphasic, slightly abnormal, abnormal, monophasic, and absent signals were considered abnormal. The rating of severity of abnormal Doppler signals was defined as follows: reduced biphasic< slightly abnormal<abnormal<monophasic<absent.
The CF artery was assessed at rest and again after exercise if the patient was able to walk on a treadmill; all other vessels were assessed only at rest. The right and left legs were evaluated separately at each arterial location. Disease status was assigned for each leg at the proximal and distal regions on the basis of involvement of the CF and PT/DP arteries, respectively. The most severe Doppler signal was used if multiple results were available at the same arterial location for the same leg. Therefore, each person had up to 4 disease status assignments, whereas missing assignments reflected evaluations not performed. CF Doppler results were used to characterize proximal disease status as normal, abnormal only after exercise, or abnormal at rest. PT/DP Doppler results were used to characterize distal disease status as normal or abnormal at rest. To address the possibility that Doppler abnormality in distal arteries might reflect reduced flow in the proximal vessels, we considered distal disease to be present only when the Doppler signals worsened at the PT/DP arteries compared with the readings at the CF and/or superficial femoral/popliteal arteries, using the severity rating shown above. Although each person had at least one Doppler signal available, 905 (7.1%) patients were only assessed at the distal arteries and 54 (0.4%) patients were only assessed at the proximal vessels.
Clinical Characteristics
Demographic characteristics were obtained from the Mayo electronic medical record, as detailed in the Supplement. 15 Cardiovascular risk factors were ascertained from the electronic medical record using previously validated algorithms that have good sensitivity and specificity compared with manual chart abstraction. 16 The follow-up period for each patient was the time between first arterial evaluation and date of death or final censoring date (September 30, 2009).
Statistical Analysis
Statistical analyses were performed using SAS version 9.3 (SAS Institute Inc, Cary, NC). Continuous variables were expressed as meanAEstandard deviation, whereas categorical variables were expressed as number (percentage). P<0.05 was considered statistically significant. Univariable and multivariable generalized estimating equations logistic regression models were fit to identify variables associated with abnormal resting Doppler results within each region separately, adjusting for age and sex. To assess whether the risk factor and comorbidity associations differed between proximal and distal locations, both regions and both legs were analyzed as separate observations in the same generalized estimating equation model with terms for location and for the interactions between location (proximal or distal) and risk factors. For this analysis, patients with any abnormal Doppler results in the proximal region only after exercise for the left and/or right leg were excluded (n=2324) to allow comparison of characteristics of patients with abnormalities in the proximal and distal regions at rest. Each patient had between 1 and 4 Doppler results available, and generalized estimating equation models were used to account for repeated measures. An exchangeable correlation structure was used for analysis within each region (up to 2 observations per patient). Those patients missing results in both legs within a particular region were excluded from the corresponding regional analysis (n=905 missing proximal results, n=54 missing distal results).
Survival curves for the study groups were depicted using the Kaplan-Meier method. Univariable and multivariable Cox proportional hazards regression was used to estimate hazard ratios for death according to the presence or absence of disease in each region (proximal or distal) using the most severe disease status across both legs within each region. For this analysis, proximal Doppler results were classified as an ordinal variable, with normal as the reference level, postexercise abnormality as the intermediate level, and resting abnormality as the highest level. To analyze the joint effect of proximal and distal disease without excluding patients in whom either proximal or distal information was missing, we used logistic regression models to calculate the predicted probabilities of proximal and distal disease and used them as imputations for the missing disease status variables. Both proximal and distal disease status variables were then included in the Cox models, both as main effects and including their interaction. Adjustment was performed sequentially for (1) age and sex; (2) age, sex, obesity, smoking, diabetes, hypertension, dyslipidemia, coronary heart disease (CHD), heart failure, chronic kidney disease (CKD), cerebrovascular disease (CVD), chronic obstructive pulmonary disease (COPD), malignancy, and medication (lipid-lowering and aspirin) use; and finally (3) also for resting ABI.
Results
After applying the exclusion criteria mentioned above, 12 731 patients were identified for analyses. The mean age of patients was 67.5AE12.7 years, and 57.4% were men. Postexercise proximal disease was present in 10.2%, resting proximal disease in 18.0%, distal disease in 13.6%, postexercise proximal and distal disease in 4.0%, resting proximal and distal disease in 12.5%, and no proximal or distal disease in 41.7% (Table 1) .
Risk Factors and Comorbidities
There were significant associations between older age and male sex with resting distal disease (both P<0.001) and between older age and resting proximal disease (P<0.001), as shown in Table 2 . These associations were stronger with distal disease than with proximal disease (interaction P<0.001 and P=0.004, respectively). The presence of cardiovascular risk factors and comorbidities were compared after adjustment for age and sex. Among cardiovascular risk factors, body mass index <30, smoking, diabetes, hypertension, and dyslipidemia were significantly associated with proximal disease, whereas diabetes and hypertension were significantly associated with distal disease. In models that considered interactions between disease location and risk factors, diabetes was more strongly associated with distal disease (interaction P<0.001), whereas smoking and hypertension were more strongly associated with proximal disease (interaction P<0.001 and P=0.005, respectively) ( Table 2) .
Among comorbid conditions, CHD, heart failure, CKD, CVD, COPD, and critical limb ischemia were associated with both proximal and distal disease. CHD, CVD, and COPD were more strongly associated with proximal disease (all interaction P<0.001), whereas heart failure and critical limb ischemia were more strongly associated with distal disease (both interactions P<0.001); see Table 2 . Of the remaining variables, lower ABI was more strongly associated with proximal disease than with distal disease (both interactions P<0.001; Table 2 ). Use of lipid-lowering medication was positively associated with proximal disease and negatively associated with distal disease, whereas aspirin use was only associated with proximal disease.
Multivariable models were fit to identify joint associations of risk factors and comorbid conditions with proximal and distal disease (Table 3) . Results were similar to those from univariable analysis except that age, diabetes, heart failure, CKD, and use of aspirin or lipid-lowering medication were no longer significantly independently associated with proximal disease, whereas CHD, CKD, and COPD were no longer associated with distal disease. In the multivariable models, male sex was now inversely associated with proximal disease, and body mass index <30 was now associated with distal disease.
Survival
Of the 12 731 patients followed for a mean 5.9AE3.1 years, 3039 (23.9%) died. Unadjusted Kaplan-Meier survival curves according to proximal and distal disease status are shown in Figure. We estimated the relative hazard of death for proximal and distal disease together, using multivariable Cox propor-tional hazards regression both with and without the interaction between proximal and distal disease (Table 4 ). In the main effects model, after adjustment for age and sex, the relative hazard of death was 1.3 for proximal disease only and 1.5 for distal disease only. However, there was a highly significant interaction (P<0.001) such that the presence of both proximal and distal disease was not associated with higher risk than the presence of either disease separately (HR, 1.4 proximal only; HR, 1.9 distal only; HR, 2.2 proximal and distal). In the model that further adjusted for risk factors and comorbidities, the same pattern was seen. In the final model that adjusted for resting ABI, there was no significant association between proximal disease and death, whereas the hazard ratio for death was 1.2 for those with distal disease. The same models were fitted on a subset of patients, excluding those with critical limb ischemia, with similar findings (see Table S1 ). Survival curves adjusted for age and adjusted for all covariates in the final survival model are provided in the Supplement.
Discussion
There are 2 main findings of our study. First, there appear to be 2 subtypes of PAD, proximal and distal. Each disease location is associated with a distinct risk factor and comorbidity profile. Female sex, smoking, hypertension, dyslipidemia, CHD, CVD, and COPD were more significantly associated with proximal disease, whereas older age, male sex, diabetes, heart failure, and critical limb ischemia were more significantly associated with distal disease. Second, patients with distal disease had poorer prognosis compared with patients without distal disease, independent of age, sex, comorbid conditions, medication (lipid-lowering and aspirin) use and resting ABI, Shown are meanAEstandard deviation for continuous variables and frequency (%) for categorical variables and missing values. Proximal and distal disease for each subject is classified separately based on the most severe disease status (no disease<postexercise disease<resting disease) across both legs. Those with no proximal Doppler assessments were classified based on imputed disease status (similarly for those with no distal Doppler assessment). ABI indicates ankle brachial index; BP, blood pressure; CHD, coronary heart disease; CKD, chronic kidney disease; CLI, critical limb ischemia; COPD, chronic obstructive pulmonary disease; CVD, cerebrovascular disease.
whereas patients with proximal disease showed no difference in prognosis after similar adjustment compared with patients without proximal disease. The inferences remained unchanged even after excluding patients with critical limb ischemia. Like most atherosclerotic vascular disease, PAD affects the arterial bed in a nonuniform fashion. 6, 17, 18 Disease location in patients with PAD is often classified as "proximal" or "distal," but the definition has varied in different studies. 5 Some investigators define aortoiliac arteries as proximal arteries, and femoral/popliteal and infragenicular arteries as "distal" arteries. 11, 17, 19 Others define arteries above the knee 20 and even above the ankle 9,12 as "proximal." In the present study, we classified the disease location as proximal and/or distal on the basis of involvement at the CF and PT/DP anatomical levels, respectively, as ascertained by noninvasive Doppler evaluation. Diehm et al, 6 in 2659 patients undergoing endovascular intervention for PAD, classified disease location of the 4205 atherosclerotic lesions as iliac, femoral-popliteal, and infragenicular. The femoral-popliteal location was the most common (51.2%). Similar results were reported by Vogt et al. 14 Among 575 PAD patients with only single-segment disease ascertained by noninvasive segmental blood pressure gradients, femoral-popliteal disease was present in 47.3%, aortoiliac disease in 33.6%, and tibioperoneal disease in 19.1% of patients. 14 Ozkan et al 18 studied 626 patients with symptomatic PAD who underwent angiography and found that the crural segment (from the anterior tibial arteries to the ankle) was the site most commonly affected (70%). Of 8930 patients with PAD in the present study, CF was more commonly affected than the PT/DP location (57.6% and 42.9%, respectively). Because distal Doppler abnormality can be secondary to reduced flow in a proximal vessel, to avoid misclassification, a worsening of Doppler signals was required to label disease as distal. Predilection for certain anatomical sites may be a result of differences in wall composition, arterial diameter, or hemodynamic factors. 14, 18 In addition, certain conventional risk factors may predispose differentially to proximal versus distal disease in PAD patients. Several clinical and epidemiologic studies have investigated the association of risk factors with disease location in PAD. 6, 9, 11, 14, 18, 19 In the present study, we found that those with only distal disease were older (73.0AE11.0 years), consistent with the results of previous studies. 6, 9, 14, 17, 19 Disease location also significantly differed Proximal and distal results are reported from models within each region separately and reflect number of persons with specific regional results. Interaction results are reported from the model with all data together and required data from either or both regions. (ie, those with at least one Doppler assessment). People missing proximal results (n=905) were excluded only from the proximal region analysis, people missing distal results (n=54) were excluded only from the distal region analysis. Patients with postexercise proximal disease in either leg (n=2324) were excluded from this analysis. No disease was the reference group. ABI indicates ankle brachial index; CHD, coronary heart disease; 95% CI, 95% confidence interval; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; CVD, cerebrovascular disease; OR, odds ratio. *Per 10-year increase.
between men and women, 6 with men more often having distal disease than proximal disease. Some studies reported that men more often had iliac disease, 11, 19, 21 whereas a study including younger (<50 years) patients with PAD showed that female sex was associated with the aortoiliac disease. 22 Another study showed that sex was not related to disease distribution.
18
Of the conventional risk factors for PAD, smoking status and diabetes mellitus were strongly associated with disease distribution. In the present study, history of smoking was most frequent in patients with only resting proximal disease (93.0%) and was more significantly associated with proximal disease than with distal disease (interaction P<0.001), consistent with other reports. 6, 9, 18, 19 Our univariable results are concordant with prior studies showing that diabetes was more strongly associated with distal disease than with proximal disease (interaction P<0.001). 5, 6, 9, 14, 18 In multivariable regression analyses, smoking history was again more associated with proximal disease, whereas diabetes was more strongly associated with distal disease. We also found that dyslipidemia was also more strongly associated with proximal disease than with distal disease. In Ozkan et al's study, serum lipid levels were not related to the segmental distribution of PAD. 18 A study of younger patients (mean age, 42.7AE 4.2 years) with PAD showed that dyslipidemia (based on either total cholesterol or triglyceride level) was more prevalent in aortoiliac disease than in distal disease. 17 The data on the association between hypertension and PAD localization are not consistent, either. In the present study, history of hypertension was more strongly associated with proximal disease. However, a trend toward more distal lesions in hypertensive patients was noted in other studies. 17, 19 Diehm et al 6 found no relationship between hypertension and lesion sites. The prognosis of PAD patients has been reported to differ by disease location. 6, 12, 14, 19, 23 In the present study, patients with distal disease had an increased risk of death compared with those with normal distal signals even after adjustment for risk factors for atherosclerosis, comorbid conditions, and resting ABI levels, whereas the risk of death was not significantly increased among those with a proximal disease location after adjustment for resting ABI. This finding differs from previous studies. 12, 14, 19, 23 Two studies that assessed PAD patients with flow velocity by Doppler ultrasound and segmental blood pressure ratios showed higher mortality in proximal PAD. 12, 14 In a study of 400 patients with PAD, ascertained by digital subtraction angiography, proximal PAD was associated with worse prognosis compared with patients with distal disease. 19 Patients in this study were hospitalized, mostly men (77%) and had PAD severe enough to be referred for angiography, in contrast to our cohort of 12 731 consecutive patients with known or suspected PAD referred for non-invasive evaluation in the outpatient setting. Disease location was based on angiographic appearance whereas we assigned disease location based on Doppler.
We have demonstrated that patients with distal disease have poorer survival than those without distal disease independent of relevant covariates (HR, 1.2; 95% CI, 1.1 to 1.3). A previous study showed that multilevel disease was associated with greater mortality in PAD patients. 14 In the present study, patients with multilevel disease had more prevalent CHD and CVD compared with patients with only distal disease, which may have led to earlier treatment in this group. In previous studies, patients with CHD and PAD, when compared with patients with PAD alone, received more cardiovascular medical therapy, reducing their long-term mortality. 24, 25 van Kuijk et al 26 reported that PAD patients with CHD or/and CVD received better medical treatment compared with patients with PAD alone.
Study Strengths and Limitations
To the best of our knowledge, the study sample (n=12 731) contained the largest cohort of patients with PAD (n=8930) for whom disease location has been ascertained with Doppler. All the patients included underwent Doppler evaluation in an accredited noninvasive vascular laboratory, and disease location was ascertained by uniform methods. Patients in our study were identified and evaluated from the noninvasive vascular laboratory of a tertiary-care center, and some degree of referral bias may have been present. Use of medical record review to ascertain risk factors may be associated with reporting bias. We used the lower of the two ABIs from each leg whereas conventionally the higher ABI is used. We based our choice on a study that demonstrated that the ABI based on the lower ankle pressure identifies a greater number of patients at risk for adverse cardiovascular events than an ABI based on the higher ankle pressure. 28 While the Doppler criteria used to assign disease location in this study are commonly used in clinical vascular laboratories we cannot exclude some degree of misclassification. However, Doppler derived inference of disease location is well correlated with that derived from angiography (see Supplement), and the latter is not practical in large studies given its cost and invasive nature. Missing data were also a limitation, as a number of patients (n=905) had Doppler evaluations performed only at the distal arteries. To address this, results from the proximal and distal regions separately were reported, as well as results using the combined data.
Conclusions
PAD involves >1 arterial location, with the CF being the most commonly affected. Proximal and distal disease was associated with distinctive risk factor and comorbidity profiles. Older age, male sex, diabetes, heart failure, and critical limb ischemia were more significantly associated with distal disease, whereas female sex, smoking, hypertension, dyslipidemia, CHD, CVD, and COPD were more significantly associated with proximal disease. Patients with distal disease had poorer prognosis compared with patients without distal disease, independent of age, sex, comorbid conditions, medication (lipid-lowering and aspirin) use, and resting ABI, whereas patients with proximal disease showed no difference in prognosis after similar adjustment compared with patients without proximal disease. These findings suggest PAD is complex and heterogeneous and not a uniform entity. The implications for epidemiologic studies, including biomarker and genetic association studies as well as drug trials, are substantial.
